• AIM: To determine the incidence of cystoid macular edema (CME) after Descemet's stripping automated endothelial keratoplasty (DSAEK).
INTRODUCTION

D
escemet's stripping automated endothelial keratoplasty (DSAEK) and Descemet membrane endothelial keratoplasty (DMEK) are currently considered the standard treatment for cases of endothelial compromise or failure. DSAEK can also be associated to other procedures, most commonly phacoemulsification [1] [2] . The most commonly reported complications after DSAEK are: graft dislocation [3] [4] [5] , graft rejection [3] , graft failure [3, 6] and pupillary block [3] . Most cases are related to the graft or the anterior segment of the eye. Few complications involving the posterior segment have been reported. Postoperative cystoid macular edema (CME) has been rarely reported as a complication of DSAEK alone [4] [5] 7] or combined with transscleral intraocular lens (IOL) suture [8] , but not as a primary complication of DSAEK associated to phacoemulsification [1] [2] . The incidence of postoperative CME has been assessed for penetrating keratoplasty (PKP), deep anterior lamellar keratoplasty (DALK) [9] and DMEK [10] [11] [12] , alone or combined; and very recently after DSAEK [8, 13] .
The main purpose of this study is to determine the incidence of CME after DSAEK. Secondarily, we aim to compare the incidence of CME after DSAEK alone and combined with phacoemulsification.
SUBJECTS AND METHODS Protocol
The series included all consecutive patients who had undergone DSAEK surgery at a cornea reference tertiary hospital between February 2008 and December 2012. During this period, DSAEK was the surgery of choice for most of the eyes with corneal endothelial pathology at our hospital. Exclusion criteria were: previous intraocular surgery other than phacoemulsification with posterior chamber (PC) IOL implantation, prior keratoplasty and previous history of ocular trauma, uveitis, congenital glaucoma and/or macular cystoid edema. Macular pathology was screened biomicroscopically before surgery, when possible. Fifty-five eyes (47 patients) matched the criteria. Clinical registers from all patients were reviewed in order to collect the following data, when available: age, sex, pathological and ocular history, previous visual acuity (VA), intraoperative and postoperative complications, postoperative medical treatment, appearance of postoperative CME, suture removal time, postoperative best-corrected visual acuity (BCVA), reject events and follow-up time. VA was measured using the Snellen optotypes chart. All cases of CME after surgery were diagnosed clinically at the slit-lamp and confirmed by optical coherence tomography (OCT; Cirrus; Carl Zeiss Meditec AG, Jena, Germany Postoperative Care Patients remained in supine position for an hour after surgery and were instructed to face up as long as possible until the next day. They instilled a topical association of dexamethasone 1 mg/mL and tobramicine 3 mg/mL (Tobradex; Alcon Cusí; El Masnou, Spain) every four hours daily, which was tapered progressively. One month after surgery, tapering was continued with prednisolone 10 mg/mL (Pred-Forte; Allergan; Tres Cantos, Spain). Statistical Analysis Qualitative variables were expressed as number and percentage; whereas quantitative variables were expressed as mean and standard deviation (SD) or as median and range, if they followed a non-parametrical distribution. For qualitative variable comparison, the Chi-squared test or Fisher's exact test was used. For mean comparison, the Student's t-test or its non-parametrical equivalent, the MannWhitney U test, was used. Statistical significance was predetermined at a P-value smaller than 0.05 (two-tailed). Statistical analysis was performed using SPSS 17.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
As shown in Figure 1 , 55 eyes (from 47 patients) out of the 132 eyes operated of DSAEK between 2008 and 2012, matched the selection criteria. The incidence of CME was 11% (n=6).
The subgroup analysis revealed a 7% incidence after DSAEK alone, and a 21% after combined DSAEK. Population main characteristics, the diagnosis indicating surgery and follow-up data are displayed on Table 1 . Statistically significant differences in age and sex were found between the patients operated of DSAEK alone or combined DSAEK. Fuchs' endothelial dystrophy was the most frequent diagnosis. Pseudophakic bullous keratopathy was the second most frequent indication for DSAEK alone. There was a minimum of 8wk follow-up, with a mean of 8 controls during more than a year (58wk). Table 2 shows mean preoperative and postoperative BCVA, as well as the percentage of eyes in each BCVA interval. A total of 73% of the eyes had a BCVA less than 0.32 preoperatively; whereas after surgery, 71% were above 0.32 and 38% above 0.5. Table 3 registers intraoperative and postoperative complications. None of the eyes with intraoperative complications developed CME. Two eyes with postoperative complications developed CME (Table 4 , eyes No. 4 and 6). Two cases of rejection were registered. One patient was treated with subtenon triamcinolone 40 mg/mL (Trigon depot; Bristol-Myers Squibb; Madrid, Spain) and resolved one month later. The other patient needed a new DSAEK. The diagnosis time, treatment and evolution of the CME cases are shown in Table 4 . CME was diagnosed between the second week and the third month postoperatively. Eye No.4 had previously undergone a rebubbling and eye No.6 had developed a pupillary membrane. CME became chronic only in eye No.3. The rest were resolved between three weeks and six months. 
DISCUSSION
To our knowledge, this is the second time that the incidence of CME after DSAEK was specifically assessed [13] . It is the first time, to our knowledge, that CME has been reported following DSAEK concurrent with phacoemulsification and its incidence compared to DSAEK alone. Until recently, CME as a complication of DSAEK had been rarely reported in published series (2%-5%) [4] [5] . Unfortunately, the authors did not specify if the eyes which developed CME had undergone any other concurrent procedure apart from All eyes: Eyes that had the complication; DSAEK: PC pseudophakic eyes operated of DSAEK alone; Phaco+DSAEK: Eyes operated of DSAEK concurrent with phacoemulsification and PC IOL implantation; CME: Number of eyes which had the complication and developed cystoid macular edema; -: None; Subtotal: Number of eyes with complications for each category (i.e. intraoperative or postoperative). 1 In one case, interface blood. DSAEK. In both series, corticosteroids were applied four times daily after surgery and were progressively tapered, which is equivalent to our postoperative care. These results are close to our 7% results after DSAEK alone, but they are less than half our global 11% incidence, mainly due to a higher incidence in the eyes with concurrent phacoemulsification. More recently, Kitazawa et al [13] have reported an incidence of CME of 12.7% after DSAEK alone, which was higher in glaucoma-related eyes (20.4%). In a retrospective series where they assessed the clinical outcomes and complications of DSAEK combined with transscleral IOL suture, Yazu et al [8] reported an incidence of 1.4% after DSAEK alone and 11% after DSAEK combined with transscleral IOL suture. Our data indicated that the incidence of clinical CME after DSAEK alone in previously PC pseudophakic eyes (7%) was higher than following modern uncomplicated phacoemulsification, which was likely to range from 0.1% to 2.35% [14] [15] , and PKP [9] . It has been proposed that the principal cause of pseudophakic CME, also called Irvine-Gass syndrome [16] , is inflammation induced by surgical manipulation, although the exact pathogenesis remains uncertain. Although investigating the cause of CME after DSAEK was not the aim of our study, we considered that the pathophysiology of CME after DSAEK was probably similar to Irvine-Gass syndrome. When DSAEK was associated to phacoemulsification, CME was three-fold more frequent and much more frequent than expected after plain phacoemulsification. This suggests phacoemulsification promotes the development CME, as other authors have proved [17] [18] , and that the higher incidence of CME after DSAEK might be related to some of the stages in endothelial transplantation: descemetorhexis, graft implantation and air tamponade. When present, all cases of CME but one responded to standard therapy for pseudophakic CME [19] . The poor response to the treatment of one of the eyes suggests that CME might have been present prior to the surgery. In that particular case, the macula could not be evaluated preoperatively due to corneal opacity. Six eyes where an increased risk of developing CME was suspected received pharmacological prophylaxis intra-and/or postoperatively. Two eyes belonged to diabetic patients, another had developed CME after DSAEK in the fellow eye and the others received it according to surgeon's criteria. The administered drugs were topical non-steroidal anti-inflammatory drugs (NSAID) and/or subconjunctival methylprednisolone. Although it was administered to very few eyes, prophylaxis against CME [20] proved to be effective, as recently suggested by other authors [8, 12] . Our study has some limitations. In this retrospective study, all eyes with previous macular pathology were excluded. Nevertheless, the effect of previous phacoemulsification on central macular thickness (CMT) in pseudophakic eyes cannot be completely excluded. Most of the CME were diagnosed after clinical suspicion and in many cases, macular OCT was performed because the VA was lower than expected. As there was no OCT screening for all patients, some clinically irrelevant cases could have resolved unnoticed and the incidence of CME could be actually higher. Only fourteen eyes with combined DSAEK matched selection criteria. Although this rendered the samples asymmetrical, we consider the results of the alone versus combined DSAEK comparison are still valuable. The difference in age between the two groups was expected beforehand, as the evolution of senile cataract and subsequent need for phacoemulsification correlate with age. The VA improvement in our series is similar to other authors, but we had a lower rate of graft detachment, primary graft failure and pupillary block [1, [3] [4] [5] [6] . It would have been useful to have conducted a larger prospective series with OCT measurements and controls. Nevertheless, this study provides a first approach to the study of CME as a postoperative complication of DSAEK, which we aim to expand in the future. The closest procedure to DSAEK is DMEK. They differ in the graft preparation and a more challenging graft unfolding in DMEK. Despite these differences, we consider the incidence of CME after DSAEK should be similar to DMEK's. Recently, the incidence of CME after DMEK has been specifically assessed; alone (7.5%-12.5%) [10] [11] and associated to phacoemulsification (0-13.3%) [10, 12] . No cases where found when hourly topical prednisolone was administered for the first postoperative week [12] . Heinzelmann et al [10] reported an incidence of 13% for all eyes, which is very close to our 11%. Conversely, they found no differences with the eyes with concurrent cataract surgery. They pointed that the manipulation on the iris under intracameral air may be the cause of the high incidence of CME. In their series, they performed a PI at the end of surgery on all patients. Although most of our patients underwent an Nd:YAG laser iridotomy one month prior to surgery, the incidence of CME was similar. Furthermore, the data available indicate a lower impact on CMT of other surgeries with a higher impact on the iris, via an iridectomy (such as trabeculectomy [21] ) or pressure on the iris by gas (such as primary rhegmatogenous retinal detachment repair [22] ). The reason behind this difference remains unclear and suggests that iris damage might not be the main reason for the high rate of CME after endothelial keratoplasty. Moreover, some authors have described CME or a significant increase in CMT following DALK [9, 23] ; while other authors found no changes [24] . These changes in CMT might be related to endothelial cell injury through Descemet's membrane during the surgery, due to its limited intraocular manipulation. We hypothesize that corneal endothelial cell damage during three key steps of DSAEK might play a role in the pathogenesis of CME. First, the descemetorhexis provokes a mechanical damage in the endothelial cell monolayer. Second, approximately 29%-37% [25] [26] of donor endothelial cells are lost during graft implantation. These cells are also transplanted within the graft and free cellular detritus and inflammatory substances into the receptor's aqueous humour. Finally, the exposure to air for more than six hours has a toxic effect for human corneal endothelial cells [27] . The tamponade with air has shown a higher decrease in central endothelial cells density than the use of 20% sulphur hexafluoride (SF 6 ) [28] . Future studies will confirm if this finding also correlates with a lower rate of postoperative CME when using 20% SF 6 . In summary, CME is a possible complication after DSAEK and responds to standard therapy for pseudophakic syndrome. It appears to be more frequent when concurrent with phacoemulsification and PC IOL implantation. As long as the causes remain unclear, we recommend providing prophylaxis when risk factors are present or when combined surgery is planned.
